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The interactive system for determining the observation
conditions of celestial bodies is described in the present work.
A system of programs has been created containing a part of the
DISPO (Display Interactive System of Orbit Planning) of the IPM
(Institute of Applied Mathematics) of the AN (Academy of Sciences)
of the USSR.
The system is designed for computation in the man-machine
dialog mode of the position and movement of celestial bodies
relative to the NIPs (Observation Measuring Points) located on
the surface or close to the Earth's surface. The program
facilities of the system make it possi!jle to effect the output
of resulting quantities in both tabular and graphic form on a
display screen with the use of the .facilities of interactive
machine graphics. Capability is provided to automate operations
for the creation of film-illustrative material based on the graphic
facilities of the system.
The system was used for calculating the observation
characteristics of Halley^s'comet during its approach to Earth.
in 1985-86.
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DETERMINATION OF THE OBSERVATION CONDITIONS OF CELESTIAL BODIES
WITH THE AID OF THE DISPO SYSTEM
R. K. Kazakov and A.V. Krivov
/3*
INTRODUCTION
The determination of the visibility conditions of celestial
bodies from a ground, air or orbital observation point is a
necessary link in the problems of planning and organizing astronomical
observations and space experiments. Here we are concerned, in
particular, with problems in the creation of ephemeris support of the
programs of observation of natural bodies in the sular system.
These problems arouse special interest in connection with the
creation and functioning of artificial bodies, space vehicles
of different ty pes, AES (Artificial Earth Satellites) and their
systems.
In many cases of this type (the formulation of retrieval
ephemerides),ephemeris information of high precision is
frequently not required. Therefore for small intervals in the
prognosis of observation conditions, it is possible to confine
oneself to approximations of the real motion by some simple model
frequently even a K.eplerian (.unperturbed) orbit is sufficient,
and the use of "spacing" of Keplerian curves or an Eulerian
orbit [1) provides the necessary precision in the overwhelming
majority of cases. In this work Keplerian or Eulerian elements
(if necessary, periodically corrected) will be the input infor-
mation about the object of observation.
Numbers in margin indicate foreign pagination
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The use of simple models of the movement of the Earth and the
observed celestial bodies makes it possible to create a program
system which would provide the calculation of ephemerides by
fast-operating algorithms, would present to the user important
conveniences for the input and correction of data and would
have a developed set of capabilities for the presentation of
resulting information in digital and graphical form, with recording
on various media, etc.
An attempt to satisfy all these requirements was the
"visibility" program system, created in the IPf! (Institute of
Applied Mathematics) of the AN, USSR, based on the SDS-910 com-
puter and comprising a part of the DISPO system [2,3,4] which
has already been su,cessfully used for many years. The given
system, just like the other DISPO programs is interactive, i.e.,
it operates in the man-machine dialog mode. The selection of
the computer for system implementation is dictated by the
presence in the SDS-910 of a developed set of hardware and
software facilities of interactive communication. Among the
hardware dialog facilities one must include the "Graphic display -
light pen" system; among the software - the set of subprograms
supporting the interactive process by means of the set of "light 	 /4
buttons" and the LINK device [51. The components of the system i
of programs and subprograms are written in the Fortran-II language
forthe SDS-910 computer [6].
The system being examined makes it possible, in interactive
form to enter and correct the input data, carry out for a sequence
of time moments the calculation of series of topcentric character-. i
istics of the observability of the object--the horizontal and
equatorial coordinates, range, range rate, as well as a series
of auxiliary quantities, and to achieve the output of results in
digital form or graphic form, with a distribution of information
	 J
to an a wide ATsPU (printing device), a DS (display screen),,
graph-plotter, and MT (magnetic tape). Special modes of operation
of the system for obtaining film-illustrative material are based
on the calculated ephemerides.
Despite the fact that a specific program to implement
the system is accomplished within the framework of the DISPO
system of the IPf1 AN, USSR, the general design principles of
the system of programs for the calculation of ephemeris information,
developed in the present work, can be recommended to a wide circle
I of persons interested in the building of similar systems based on
j	 different hardware and software support.
The authors take this opportunity to express their deep
gratitude to K.L. Volkova, L.T. Gromo;va and L.A. Myryshkina for
the great help in creating the "Visibility" system, installing and
surveying film-illustrative material on observations of Halley's
comet.
4I.The Algorithm for Calculating the 'Visibility Conditions of
Celestial Bodies
I.I. The selection of a model of motion and reduci
calculations
The algorithm for calculating ephemeris information about an
object is broken down into two stages. in the first stage the
position vectors and the velocity of the object relative to the
center of mass of the central body are calculated. The second
stage consists of the conversion of these quantities to a coordinate
system: geocentric (if the central body is not the Earth) and
topocentric. Then the desired topocentric quantities, comprising
the ephemeris, are calculated. 	 The following are adjusted to the
point of the NIPS (observation-measuring points) by these quanti-
ties:
Elevation	 G	 Declination d	 Range D
Azimuth.	 A 	 Right ascension d Range rate D
This set of quantities is, evidently, sufficiently complete, since 	 /5
it responds to the interests of a wide circle of users of ephemeris
information. The azimuth coordinates directly reflec t_ the
3
accessibility of the object to observations and can be used as
a rough guide to users applying a device on an azimuth installa-
tion; the equatorial coordinates are of interest in the organization
of observations by means of classical astronomical instruments;
the range 'is important in the observations of small bodies of the
solar system and, in addition, can be useful in the case of
laser or radar range finder measurements; the value of range
rate is necessary in the use of narrow-band receivers for the
calculation of the Doppler frequency shift.
k
At the same time the elevation of the Sun is calculated
with these values. This makes it possible to determine whether
the current instant of time is related to the dark or to the light
time of the day.
To effect a specific implementation of the two stages of
the algorithm described for the calculation of low precision
ephemerides (of the research type, at the planning stage of a
flight to celestial bodies) it is necessary to assume a model of
the motion, which can be rather crude, but must be fast-operating
and economic in the computation sense. ror this, it is necessary
to discard the method of approximation of the actual complex
motion of the celestial body occurring under the action of all
possible perturbing factors; to select those factors whose
calculation is necessary for the attainment of the required pre-
cision, and neglect the rest. We shall consider both stages of
the algorithm from this point of view.
The set of parameters specifying the orbit of the body and
the current instant of time are the input quantities for the first
stage. Whether or not parameters are in fact included in this
set depends on the method of approximating a perturbing motion.
Different versions having different precision and difficulty are
possible. We shall point out the main ones: j
4
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1. Th> maximum possible calculation of perturbations. Yor
example, the totality of the values of the osculating elements
at the current instant of time is • 'ken (for this a preliminary
integration of the equations of perturbed motion is of course re-
quired) as a set of parameters. In this case with the passage
from one ifistant to another, the values of all the parameters are
changed. This leads to a large volume of input information.	 /6
2. A partial calculation of the perturbation by means of an
approximation of the actual motion of a "spliced" Keplerian orbit.
For example, the Keplerian elements, which are periodically adjusted,
are taken as the parameters in this case. Thus, in the passage from
one instant to another, the parameters are not changed each time.
3. The approximation of an !, ulerian orbit. Eulerian elements
are taken as the parameters.
4. The approximation of the perturbed motion of an unperturbed
orbit. In this case the set of parameters is an aggregate of six
Keplerian elements. It remains constant in the scanning of the
current instants.
The class of celestial bodies for which it is possible to
abandon the complete calculation of the perturbations (Method I) is
defined by the required precision and time interval in wh-,,.ch this
precision has to be guaranteed. For the investigation of comets,
the requirements for precision are not great. Such a class of
objects will be sufficiently extensive. More than this, in most i
cases not even the use of a "splicing" of Keplerian orbits or a
Eulerian orbit (Methods 2 and 3) is required, but it is sufficient
to use the rather rough, but economical in the computation plan,
Method 4 the approximation of the motion of an unperturbed orbit.
The exceptions comprise only the remaining situations: close
approaches of comets to large planets, the initial and final i
portions of the trajectory of a space device and a few others.
5
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In Table I are shown 6 - declination and D - the range
of Halley's comet for the Ashkhabad NIP, calculated by two methods
based on the complete calculation of the perturbations and by means
of an approximation of the unperturbed orbit, i.e., corresponding
to Methods .1 and 4. The data according to the use of Method 1,
taken from (7) are obtait'iG+ d on the basis of the numerical inte-
gration of the equations of motion with regard for the perturbations
of 8 large planets. In the calculation by Method 4, the set of
values of the osculating elements at the instant the comet will
pass perihelion on 9 February 1986 is taken as the fixed Keplerian
elements.
It is seen that errors in an angular quantity (declinatior.)
do not exceed 22' in the neighborhood of the pericenter,
and decrease rapidly at a distance from it (for several months
before it and during several months after it, the deviation is
already less than 1 1 ). The range error for every interval con-
sidered does not exceed 2 million kilometers, i.e., it comes to
about 0.4%. These values for ephemerides of the research type are
fully acceptable.
TABLE I
Date S	 -Declination	 I1- Range, millions
Method I.	 Method 4•Method I , , ,Method 4
15.01.1985 12 5,4 Iz5!9 646.1 645.2
6.03. 1346.9 1347.4 686.7 ,_685.7
15.05. 161S.6 16 I9:3 , 732.3
2.09. IA 21.6 1923.5 44I.,3, 'IC9.81..
I.II. 21 •6.7 ZI 52.0 : TBI.I I69.4
1.22.2985 - 2 I4.I . -228.0 I70.4 170.9
1.03.1986 -1612.4 -1684.0 189.8 188.8
0.04, -I9 I6.9 -I9 07.0 II5.2 1I7.0
9.06.1986 - 4 59.7 - 4 69.8 400.9 40.1..9
/7
of km
The second stage of the a7,gorithm is the transformation of
the vectors of position and velocity to the desired ephemeris informa-
tion. In this stage it is possible to neglect certain reduction
calculations included in the classical astronomical system. We
know it is possible not to consider those factors whose neglect
6
leads to errors amounting to several minutes of arc for angular
quantities. Thus, corrections for nutation and aberration are
not introduced. Refraction is also not considered since in the zone
of accessibility of astronomical and navigational devices (Elevation
8) it does not introduce errors greater than 3 1 . The calculation
of precession is also not made, since, as a rule, the orbit elements
of a celestial body,which are entered as input data can be supplied
at a time close to the observation instarits, so that precession will
essentially already be accounted for in the orbit elements. However,
for example, the flattening of the Earth should be taken into account
since the reduction, subjected to it, of the astronomical latitude
of the point to the geodesic, and conse quently of the correction
to the angular ephemeris quantities, can reach an unacceptably
large value in 12'. We would also risk an error of the order of 10'
if we were to neglect the altitude of the NIP about sea level.
/8
2.2. A specific; implementation of the algorithm in the
"Visibility" system.
We shall consider in more detail a specific implementation
in the "Visibility" system of the two algorithm stages described.
The first phase is program-effected in such a manner that the
most convenient for the user are the Keplerian and. piecewise-
Keplerian approximation of motion, i.e., Methods 2 and 4. The use
of Method 1 is also possible, however, as was noted above. This is
connected with a sharp increase in difficulty, since the user must
enter long series of values of the osculating elements. (For each
instant these values will be his own). Method 3 has not been
implemented in an operating version of the system. Eowever, in case
of need it is possible to modify in an appropriate fashion a number
of the system modules so that this method could also be used. (For
this it is necessary to intr:oduce insignificant changes into certain
program modules). The Eulerian model will not be considered
further.
7
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No matter, which of the described models the user selects,
in each current instant the 6 Keplerian elements and the adjusted
mass of the central body, as well as the value of this instant,
serve as the initial parameters defining the instantaneous orbit
of the body. For brevity, we shall designate the set of these
quantities bytyy ,tI. Then the first stage should be considered as
the transformation of the vector{J,t•t into the vector{t,17,t; , i.e.,
into Cartesian coordinates and velocity components. This transfor-
mation is one of the main operations of DISPO, and is accomplished
by access to the standard subprogram 3AR [21304].
In this case, if the object was designated by heliocentric
ecliptical elements, and, consequently, the calculated coordinates
and velocity components are referred to the heliocentric ecliptical
system, the latter will then be transformed after the calculation
of the Earth's heliocentric radius-vector (according to the elements
of the Garth orbit available in the system) into geocentric eclipti-
cal, and, finally by a rotation of the coordinate system about an
angle 1 43027' into geocentric equatorial coordinates, If, however,
the object is designated by geocentric equatorial elements, then after
the use of the operation aqk no additional transformations are
required.
The second stage of the algorithm is the transformation of the
vector 1i,^''t} into the set of ephemeris quantities listed in Para I,I.
It is implemented in the form of a special subprogram. We shall
	 /9
consider this stage in more detail:
We shall assume the following quantities are known:
The coordinates and velocity components of
the object in the absolute geocentric coordinate
system;
8
i
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a
f^^(f^^^a^, C•t,t{^' t
t	 The current instant of Greenwich mean time;
V. •A.h	 - Astronomical latitude, longitude (considered
positive eastward from Greenwich) and
height of the NIP above sea level.
It is necessary to calculate the above-listed. quantities
We shall convert from astronomical latitude and NIP elevation to two
equivalent quantities - the distance from the center of the Garth
to the NIP Point R	 and the geocentric latitude ^ (8).
R- R* (l - o(e dint ) + h
0 m Y -o(0 (l-h1R) aln2(Q,,
where R 3 - is the equatorial radius of the Earth	 (6378160 M);
d;
- is the flattening of the terrestrial ellipsoid (0.0033529).
We now make a transiormation to the Greenwich coordinate
,, ;:,tem (a geocentric cartesian system whose abscissa axis passes
through the point
	
V-0..;A-0. , Z-axis - through the North Pole,
and ordinate axis expands the triad to the right):
xt . m cosV + yaln 4i
yt ' - s stn 4! + y eea V
here	 '4J.' is the sidereal time at the Greenwich meridian,
corresponding to the instant t of Greenwich mean time. In the
given algorithm,it is assumed
W 410 "%'R (t-to),
where 4)0 _e4eoif	 +c97`7. , Januar 1	 h	 m	 s0 	 00 	 00
and the number of sidereal periods in some mean periods R -I.027b79..
It is natural that for a certain class of objects (low 'US) the pre-
cision of the last formula may be insufficient, and at least a periodic
adjustment of the null-point	 /41„,.t,) will be required. But for the
9
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}	 overwhelming majority of cases, this formula may be used without
reservations.	 /10
In the same system, Greenwich, the NIP coordinates will be:
'A aR cos cPcosA
a . R cos(P sin A l
C -- Rscn (P
lele get the relative coordinates of the object (i.e., Greenwich
topocentric coordinates):
a'.x/-A
S =, yl -e	 '
c Z / -C
and the range is	 V	 Q z +B .c`
Now the declination and right ascension of the object are determined
from the formulas: 	 f
81n S = C/D
	 E [-90" 90]
	 w
I cas0(=(acosW-Balntv)/ cy +610 C [0,3607
91na(= (a scn ip +8easyl)^ a ,.B AI
Next we shall calculate the horizontal topocentric coordinates
of the object. For this we shall form the matrix of transition
from tba Greenwich topocentric to the horizontal topocentric
coordinate system:
I C	
- cos A sill
CDs q COs
f	 —sill A
- sin tp sin A
	 Cos ip
cosy sin A	 sin 1p
cos A	 0
The cosine of the Zeni :iz. distance, i...e., the sine of the elevation,
is equal to the scalar product of the topocentric radius- -vector [a, 8.C) t	 S
normalized to unity, and the directional unit vector to the Zenith
at the point of the NIP (second row of the matrix:
sin Lr =(aS I 69 #. CS23 ) /71Ila
Then calculating the scalar products of the same radius-vector by
Lhe remaining rows of the matrix 	 11
10
	 = aS^ + g S^p *C 	 2 . aS  +f^B +CS„J
r
we find the azimuth from the formulas 	 F P OJ? t(lF1J."ga
sin AO.^^ ^t^Qt	 cos AO=^ r$. 2R
Finally, we shall determine the radial velocity of the object. The
velocity components on the Greenwich. geocentric axes will. be
e . x Cos w+yeinw+SLo•6
m -tisinw0ycosw -520•A
n . E
Here the last addends of the first two formulas reflect the
rotation of the Earth with a velocity of Qo' I/13713.44 radians/second.
The desired radial velocity equals
t . (a2. Bm •an)/.D.
j
92. The Structure of the System and its communication with other
program facilities of DISPO 	 E
The visibility system consists of two relatively independent 	 I
program units where the coordination of the operation and the informa-
tion interchange between them is effected by means of the LINK
device available in the DISPO aystem. These parts, called henceforth
the first and second LINK-blocks, or simply "Links" are individually
written onto MT (magnetic tape). The need for such segmentation
is caused by the large volume of memory which is required for the
arrangement of the compiled operating programs of the system (about
45,000 cells of the SDS-910), which exceeds the volume of the
machine's operating memory. However, the volume of each of the LINK-
blocks does not surpass the capacity of an OZU (operating storage 	
A
unit) of the SDS-910, and they are called up from the MT to
the OZU alternately, according to need.
I	 -
From the point of view of Fortran, each of the LINK-blocks
represents an aggregate of a basic (control) program, a set of sub-
programs which is a property of "visibility", as well as those 	
I
I
11
subprograms which play in DISPO a role of standard, but are necessary
to the system during its functioning. 	 /12
The decomposition of the system into two LINK-blocks, in
addition to the requirements of the machine implementation (limited
by volume), is carried but also with regard for logical considerations.
The first LINK-block centralizes in itself the facilities which
i
in the interactive mo rle permit the introduction of the input informa-
tion necessary for the operation of the system; the second LINK-block
has two main functions - it performs directly the computational algorithm
considered in §I, and accomplishes the output of results in the 	 j
necessary form. Naturally, each of the links performs other functions
also - communication with other units of DISPO, the transfer of
control to another link, the control of the sequence of execution
constituting the given link of the module, access to the file of the
constant of an information field, documentation, etc.
The operation of the system is initiated by an instruction to
the "Visibility" light button situated on the upper button level of
DISPO and is started in the first link;subsequently the transfer of
control from one LINK-block to another is carried out by the 	 j
program facilities of the LINK-block themselves, i.e., automatically
and the information interchange between them is effected by means
of the designated COMMON-cells of the information field, accessible
by both links of the system and by other program units of DISPO which
makes it possible in case of need to transmit the latest information
generated in the operation of the system.
A more detailed program implementation of "visibility" is
performed in accordance with the conception of modular programming. 	 j
The main programs of both LINK-blocks are built of relatively
independent parts - modules. They are not program separated units	 j
(independent programs or subprograms of FORTRAN), but distinctly 	 i
separated in the logical sense (each of them has a rigidly defined
function - for example, the input of some data group), and in the 	 I
structural (any module is bipolar, with one input point and one
output point). From the point of view of FORTRAN,each module is
represented by a group of 30 - 250 operators. Such a distribution
12
w
by magnitude was the price which had to be paid for the clear
observance of the reason for the logical and structural separability
(especially th•a latter).
The structure described (LINK-block and modular) provides the
logical simplicity of the system, facilitates familiarization and
operation with it. In addition, it significantly simplifies the
insertion of changes and modifications, which enables us to con-
sider "Visibility" an open system. 	 /13
The diagram of system interconnection with other program
facilities of DISPO, reflecting both, information interchange
and links for the transfer of control, is depicted in
Figure 1.
93. The Interactive Operation with Respect to the Input
of Initial Data
The structure and operating principles of the first LINK-block
of the system will be described in this paragraph.
As was noted in Paragraph 2, the main function of this link
is the bringing in of the necessary input information to the appro-
priate COMMON-cells of the DISPO information field. After completion
of the input,operations control will be transferred to the second
LINK-block, which retrieves this data, carries out its required
transformation into the required ephemeris information and accomplishes
its output in some form.
The link makes available to the user two main capabilities of
data input. First, information can be entered from without, from
various devices of the machine - from PC (punched cards), TT (teletype)
and also from the D-0 by means of the light pen. Second, the link
has its own small information field which. besides an array of
constants, contains daLd on a limited quantity of observation points
(their coordinates), on certain more interesting objects of obser-
vation (the initial version contains orbital elements of Halley's
comet), as well as a series of values of time parameters (their
13
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meaning will be taxplained below), adopted as standard, Thus the
user working with the first LINK-block can initiate a transfer of
data from this internal list to the common information field of
DISPO by a simple instruction to a button by means of the light
pen which, of course, shortens the time needed for the input of
initial data. Since the data which the user wishes to enter
rarely coincides completely with the standard, one most often
successfully uses combined input when part of the information is
entered from without, and part -- by the "rapid" method, from the
internal list.
The operation of the link is constructed on the basis of the
questionnaire method of data entry. It is implemented on 9 pushbutton
levels (Figures 2,3). Each of them has several functions.
	 A series
of light buttons (lists of standard objects, points, etc.) services
the above-described method of entering data from the internal
list. Other buttons are used for "external" input: They make it
	 /17
possible to select the desired set of quantities for the designation
of any characteristic (for example, the object may be designated
by both heliocentric ecliptic, and geocentric equatorial elements),
to determine the external device from which data will be entered, 	 I i
to inform the system of the ending of the entry of the next data
group, etc. Finally, there are special buttons which make it possible
to control the sequence of data entry and artificially pass either
to the second LINK-block or "upward" to the upper pushbutton level
of DISPO.
As a whole, the interactive operation for information entry
can be presented in the following manner. Operating with the light
buttons with the aid of the light pen, the user enters in any
sequence, by any of the methods described, in the most convenient
and natural form, all the needed quantities. It is possible to use
an incomplete entry, i.e., performing the processing of some variant
of the initial data, to change quantities only partially and restart
the machine for calculation. This makes it possible to "scan"
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Figure 3. Representation of the world map for the entry
of geographic coordinates.
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Figure 4. The levels of light buttons for information
output.
1. Fullmotion Film
2. Continuous Motion Film
quickly the different variants - to vary the objects of observation,
NIP's, time characteristics, etc.
We shall now consider the construction of the first LINK-block
and its capabilities in more detail, at the module level. For the
calculation of ephemeris information, three groups of numerical data
are necessary: data on the object of observation, on the observation
point and a number of parameters defining the sequence of instants at
which the calculation of ephemeris data is carried out. According to
this, the link is built up from three modules, each of which enters
its own group of parameters.
The "object entry" module: During "internal" entry
by means of the "Halley" button it is possible to transmit the elements
of Halley's comet to the information field. During of "external" 	 i
I
entry, there is the ability to enter orbital elements -- from PC, TT
or ED. If the given celestial body revolves about the Sun, it is 	 X
given ecliptic elements; if, however, the orbit is geocentric,
then it is necessary to use equatorial elements.
The "point entry" module: There are the following capabilities
of NIP designations: the "internal entry of the coordinates of one
of seven points: Moscow- Presnya, Pulkavo, Calosevo, Simeiz, Dushanbe,
Irkutsk, Greenwich; - the "External" entry - explicit entry of latitude,
longitude and height from PC, TT or ED; -- calling to the ED of the 	 /18
world map representation and the indication by the pen on any location
of it, as a result of which the automatic calculation of geographic
coordinates corresponding to the indicated point and the transmission
of• them to the information field take place.
The "dates and steps" entry module: The parameters "start
date", "end date", "Step I" and "Step 2" make it possible to pre-
scribe an aggregate of time instants for which the calculation of the 	 j
characteristics of object visibility will be carried out. This set of	 {I .
instants in the system considered has a rigidly prescribed structure
of the following form. It consists of a set of sequences of instants,
up to 49 instants in each sequence, where the origins of the sequences
are uniformly distributed along the time axis from "start date" to "en':
18
date" with a step equal to "Step V. Moreover, each sequence covers
a time interval equal to "Step 211.
The structure described is flexible enough and especially
convenient for making film-illustrative materials, since it
permits to a known degree the automation of the process of creating
film sections.
The indicated time parameters, like the preceding two groups
of data, can be entered by both the "internal" and "external"
methods. Additional facilities are provided for the use of
"incomplete entry".
All of the entered data is documented by each of the opening
modules for TT and printer. At the conclusion of input and documen-
tation, the modules carry out a transformation of the data to
a form necessary for the computing process, and in this form place
them in the DISPO information field.
§4. Forms of Presentation of Output Ephemeris Information
The work of the second LINK-block is begun in the module
"indications of the output quantity and output form". By means of
the two push-button levels, the user is queried as to which of the
ephemeris quantities are of interest to him in which form to output
them (tabular or graphic) and which require action (for example,
writing the graphs obtained) on t;.,). The code number of the opera-
tion mode selected by the user for output and information on
the quantities subject to output are transmitted to special cells
whence they will then be retrieved and used by the next module of
the second link - the module "calculations and output" (the push-
button levels are depicted in Figure 4).	 /19
i
The quantities listed above -- elevation, azimuth, declination,
right ascension, range, range rate of the object and the elevation
of the Sun, constituting the principal ephemeris information -- are
calculated in turn for each of the sequences of instants described
19
in 53, and are packed into arrays, localized in the given link.
This information will be transformed and output in numerical of
,graphic form. However, as follows from §I, during calculation other
information is also generated. Certain of these intermediate
quantities, for example, heliocentric and geocentric cartesian
coordinates and velocity components of the object and the Earth,
are available to other DISPO programs, since they are transmitted
to the COMMON-cells of the information field. In addition this
auxiliary information may also be necessary to the user; he can
take out such quantities for printing, by operating the binary
keys on the machine console.
We shall consider in more detail the system's operating modes
with respect to the output of the main ephemeris information. There
are three modes, conventionally called "DD", "Full Motion Picture"
"Continuous Motion Picture". In all cases, the ephemerides are
represented on the DS in the form of graphs giving a time function
of one of the quantities r , Ao. V. o( , D .
	
As only one of these
modes is ordered,the buttons light up quickly, indicating on
which one it is possible to select the relevant output quantity.
Each graph corresponds to one of the sequences of instants.
In addition,to the points of the curve giving the time function
of the selected quantity, "shade" is inscribed on the graph. The
fact is that the elevation of the Sun ri is determined simul-
taneously with the calculation of the visibility of the comet.
In this case, the elements of the Sun (.with regard for sign) will
be the input into the visibility calculation block. The elevation
of the Sun is required for a more descriptive representation of
comet visibility on the graphs. If & *^ 0, , than a vertical band
is traced on the graph, "shade" appears, corresponding to the
dark time of the day.	 If &r1%0, , then the vertical band is not
inscribed. Consequently this instant is related to the daylight
hours.
t
i
I	 i
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Under the time axis from the left and right, the dates are
illuminated (day, month, year, hours, minutes, seconds). The
marking of the ordinate axis for elevation and azimuth is fixed:
'	 •80' 09',, 'We. (degrees) . For the quantities 6 , d , a , T P
the program finds the lowest and highest values of a quantity in
{	 a given interval and automatically selects the scale along the
`	 ordinate axis (rigure 5,6). 	 In this case the appropriate docu-	 /20
mentation is available by printing on teletype.
Simultaneously with the graph, a set of light buttons is
illuminated on the DS to support the interactive mode of operation
in the calculation and the graphic output of the ephemerides. The
buttons give to the user the ability to intervene at the right
time in the computation process and in the image visualization
process, to exit promptly from the given module for the purpose
of data correction, to change the computation sequence, to perform
an output of the image at any stage of its construction to the
graph plotter, recording it on MT, etc. The button "ATsPU" makes
it possible to output all the ephemeris information in digital form
(Table 2-10).
Everything said above pertained in equal measure to all
three modes. We shall consider the differences among them. In
the ED mode, the graph is constructed on the ED and at the completion
of construction is illuminated as long as the user.does not indi-
cate otherwise on the light button. In particular, for the pro-
gram to pass to the construction of the next graph (for the
next sequence of instants), an indication on a special button is
required. in the "full motion picture" at the completion of
construction of the next graph, the image is automatically written
on to MT, and a transfer to the new calculations is immediately
affected and then to the construction of a new graph and so on.
The operation of the system also proceeds in a similar manner in
the "continuous motion picture" mode, but in this case the writing
on MT of not only each graph, but all stages of construction of
21
each graph, takes place (in the construction of a graph on
the DS, the axes, the numbering of the axes, the legend explaining
for which of the quantities the graph is being constructed appear
sequentially; then the points of the curve - one, two, ...49 appear
in turn on this background).
From what has been said, it is clear that the modes "Full
Motion Picture" and Continuous fiction Picture are oriented toward
the creation of film-illustrative materials, which reflect the
dynamics of change in the ephemerifa quantities in graphic form.
For practical operation in taking the appropriate film sections,
there are in DISPO special program facilities. The sequence
of images recorded by the "visibility" system is visualized
on the DJ by means of a special monitor program, is edited and
photographed on a movie film by a movie camera synchronized with
the L'S [9). Immediately after connection to DISPO,the "visibility"
system was used for operations of this nature in the planning of
film sections dedicated to the impending appearance of Halley's 	 /23
comet in 1985-1.986.	 The results of the calculations carried out
in this case, obtained by means of the visibility system, are
covered in the following paragraph.
55. The Results of the Calculations of Visibility Conditions
for Halley's Comet in 1985-86.
The visibility conditions for Halley's comet in 1985-86 were
calculated by means of the system described. The calculations
are carried out for a number of NIP's located both in the northern
and southern hemispheres. Moreover, the input parameters,
especially "dates" and "steps" described in 93 were widely varied.
The resulting information was output in graphical and
digital form. In the case of graphic output, the sequences of
images, illuminated on the DS, were written onto PC which made it
22
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The change in range and range rate in the period
from 1 October 1935 up to 29 May 1986•
	 f
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npossible to obtain FILM sections demonstrating the dynamics
of the observability characteristics of Halley's comet in 1985-86.
In the present work,several graphs are depicted illustrating the
daily variation of the comet's elevation (Figure 5a,b): During
the 24 hours of 25 November 1985 (about the first closest approach
to Earth) and during the 24 hours of 6 April 1986 (for 4 days up
to the second closest approach to the Earth) under observation
from the Dushanbe NIP; as well as graphs showing the dynamics
of change in range and range rate in the period from October 1985
to May 1986 (see Figure 6a,b). The distinctive features of the
impending appearance of the comet are seen on the graphs. The
points of the closest approaches to Earth (27 November 1985, 	 i
93 million kilometers and 10 April 1986, 62 million kilometers)
	 j
are singled out. It is evident that observation conditions in the
northern hemisphere will be much worse than for southern NIP's and,
in particular, that after passage of perihelion the comet will
execute a steep "dive" downward, when its declination will reach
-47 0 , as a result of which in the period of morning visibility it
will be completely unavailable to observations from the northern
NIP's.
As a result of the issuing of information in digital form,
tables are obtained which give the elevation, azimuth, declination,
i
right ascension, range, range rate of the comet for a number
of domestic and foreign observatories and stations
	 (Tables 2-10).
Since it is obvious that equatorial coordinates, range and
range rate change little from point to point (within the limits
of the computing precision provided by the system), it is possible
for these characteristics not to make a distinction between geo- 	 /24
centric and topocentric quantities.
	 However, as for elevation and
azimuth, it is necessary to calculate them for each point individually.
But it is clear also that in the calculation of elevation and
azimuth of a comet (in contrast to an AES, for example) for a general
characteristic of the observability conditions, it is sufficient
to take several points covering a large arc of latitude as the
i
longitude may not be varied (the results of calculations performed
for NIP's with identical latitude and different longitudes will
I
be almost identical with a precision before the shift along the
time axis at a magnitude equal to the difference in longitudes
since the equatorial coordinates of a comet change slowly).
Starting from these considerations we cite data for only three
points with widely varying latitudes: Pulkpvo	 k.(0 +59°46 1 1805.h -75u.
X=+2"OI 16'.57) , Dushanbe (V-i38°33'39 
. 9.- A -443so$f 47.. h d820r)
	
and
Perth (Australia) '( (p -
-^3I°57'I0% A M 7 41"I4'4. h -0)
Tables 2-4 cover the period from October 1985 to Play 1986 with
a step of 5 days. The times indicated in the first column of a
table is with respect to Greenwich. and correspond to the local
mean midnight of the observation points. In the last column 	 y
are shown the symbolic designations: 0 - light, 1 - dark part of
I
the day. Tables 5 and 6 give more detailed information with
i
30 minute steps about comet visibility from Dushanbe during
one 24-hour period on two dates: 25.11. 85 and 6.4.86. The time is
reckoned from Greenwich midnight.
The analysis of the results obtained makes it possible, in
particular, to give the general nature of the comet ' s visibility
conditions from any NIP. We shall consider Dushanbe as an
example. At the beginning of October 1985 Halley's comet, already
quite bright ( about stellar magnitude 8) will be accessible to
observations mornings, culminating high above the horizon ( eleva-
tion 71°) approximately an hour before sunrise. At the end of
October the visibility conditions are improved: The comet becomes
visible almost all night, culminating at the height of 72° 3-4
hours before it sets. In the second half of November, the
comet is accessible all night - at the time of sunset its angular
height is 20-22°, culmination occurs around midnight (elevation
69°). The period of visibility is gradually displaced to the
first half of the night; in mid-December the comet will culminate
immediately after sunset at a height of 52 0 . By the middle of
January,the observation conditions will worsen significantly. TI
comet will be visible evenings for a short time (not more than
2 hours) low above the horizon ( not higher than 20°).
Then the comet will disappear in the Sun's rays, but after
26
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passage of perihelion the second period of visibility will
approach. During the second half of February and in Harch 1986,
the comet will be visible mornings shortly before sunrise not
high above the horizon (10-15°, but at the beginning of April -
not higher than 8'). The total stellar magnitude will reach 4m.
In May,the visibility conditions will improve again. However,
the comet will quickly lose brightness and become less accessible
for observations.
The cited tables also show how unfavorable conditions
build up for northern points. Thus, for the Pulkovo NIP the comet
will be accessible only to the end of December 1985, at the same
time its elevation above the horizon will be 20-30 1 . However, at
this time the comet will still be far from perihelion and its total
stellar magnitude will not exceed 7-8m.
NIP's of the southern hemisphere will turn out to be in
favorable conditions. In the case of Perth,it is evident that,
for example, on 26 March 1986 the comet will culminate close to
the zenith. It can be assumed that the geographic distribution
of southern hemisphere points will not impose any limitations on
the observability of Halley's comet. For such points only,the
brilliance of the comet and the penetrating strength of the
instruments being used determine the limits of the comet's
accessibility period. The asymmetry described between
northern and southern NIP's becomes still more acute if we con-
sider that the southern observatories and stations are found
usually in much better astroclimatic conditions.
In Tables 7-10 are shown the observation characteristics of
Halley's comet from the Dushanbe (a southern point in the Northern
Hemisphere) and Perth (Australia, Southern Hemisphere) NIP's
with a step per 1 24-hour period) in a protracted interval of
time in the region of the first and second approach of the comet
to Earth.
27
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